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Tinea capitis of the adult scalp due to Microsporum audouini is uncommon. In children,
however, this disease is often epidemic. Such infections of the scalp usually regress spon-
taneously at puberty without benefit of treatment. TI is observation together with the
rarity of the infection in the adult scalp implies that so he immune or protective force be-
comes operative at adolescence. Endocrinologic infiueEces have been held to operate by
altering the secretion of sebum which has been observed clinically to change both in quan-
tity and quality at puberty.
In a brilliant research effort, Rothman (1) and his co-workers attempted to determine
the chemical factors in post-pubertal sebum which are responsible for the immunity of the
adult scalp. This group was able to show that adult sebum was about five times more fungi-
static against Mierosporum auclouini than pre-pubertal hair fat. It was demonstrated that
the fungistatic activity of sebuin was confined to the fatty acid fraction which contained
odd-numbered saturated fatty acids ranging from C7 to C18. Others (2, 3) had previously
shown that the fungistatic activity of the fatty acids increased with the length of the carbon
chain. The sebum appeared to contain precisely those fatty acids with the most potent
fungistatic activity. Rothman and his co-workers, therefore, presented a rational explana-
tion for the immunity of the adult scalp based upon the increased fungistatic activity of
adult hair fat.
In the present study we have undertaken to examine the validity of this hypothesis and
to explore the problem further.
THE FUNGISTATIC ACTIVITY OF HAIR FAT AT VARIOUS AGE PERIODS
Rothman et al. determined the concentration of hair fat in the pooled hair of
children below the age of 11 and compared it with that obtained from the pooled
hair of adults. It was found that pre-pubertal hair contained approximately 2.5
to 3.0 per cent of ether-extractable fat, wheresas adult hair contained approxi-
mately 3.5 to 4.5 per cent. We repeated this work with the exception that the
individuals were divided into separate age groups. The hair samples were col-
lected individually by the barber and consisted exclusively of male hair, since
tinea capitis is far more common in male children than in females. The hair used
by Rothinan and his group was largely collectec from th floor of barber shops
and contained other materials in addition to hair. No hair was removed from
the floor in the present study. The barber was instructed to inquire if any pom-
ades or tonics had been used and to exclude hair so treated from the series. In
making up the pool for each age group equal portions of hair from each age were
added. The pooled hair was submerged in ether for three days at 37°C. and was
shaken daily. After decantation, an equal amount of fresh ether was applied
and the extraction continued for three more days. The hair was finally washed
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briefly with ether. It was found that the use of boiling ether did not increase the
extraction. The pooled ether extracts were ifitered through paper and the ether
removed under vacuum.
The percentage by weight of hair fat in the various age groups is shown in
Table I. It is at once evident that in the pubertal group (age 11—13) there is a
precipitous increase in the percentage of hair fat. The difference between pre-
and post-pubertal hair in this respect is more striking in our study than that re-
ported by Rothman. Following puberty, the concentration of hair fat does not
increase significantly with increasing age.
TABLE I
The fat content of hair from various age periods
NUMBER OP SAMPLES AGE PERIOD PER CENT OP HAIR PAT
16 4—7 1.76
14 7—10 1.52
17 11—13 4.65
13 15—25 4.21
19 26—35 5.37
THE FUNGISTATIC ACTIVITY OF HAIR FAT
The evaluation of fungistatic substances, such as hair fat, which are not water
soluble presents certain difficulties. The usual method involves suspension of the
insoluble material at various concentrations in an agar base. Then the prepara-
tion is inoculated with the fungus to be tested. The problem with this method
is to secure uniform distribution of the insoluble material. The method used by
Rothman et al. consisted of dissolving the fat in ether and adding portions of
this solution to the melted and hot agar medium. Under these circumstances, the
ether is driven off, leaving the fat finely dispersed in the medium. The difficulties
inherent in this method have been considered by ourselves and others (4, 5).
With their method, Rothman et al. found adult hair fat to be approximately
five times more fungistatic against Microsporum audouini than pre-pubertal
sebum.
We employed three recently isolated strains of Microsporum audouini and
two of Microsporum canis. The method of assay employed by Rothman was used
so that the results could be compared with his. The pooled hair fat from male
children in the age group 4—11 was compared to that of male adults ranging in
age from 15 to 25. The results are given in Table II. Post-pubertal sebum does
not appear to be significantly more fungistatic according to our data. With two
of the strains of Microsporum audouini and one strain of Microsporum canis the
adult sebum appeared to be slightly more fungistatic, but these differences were
not considered significant in view of the crudity of the method employed. This
experiment was repeated on several occasions with somewhat varying results,
but differences of approximately the same order of magnitude were obtained.
The strains of Microsporum canis seemed to be consistently more resistant to
the fungistatic activity of hair fat.
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It is to be noted that the data is recorded in terms of an end-point at which
growth entirely ceases, the so-called minimum fungistatic concentration. No
information is afforded concerning partial inhibition at concentration levels
preceding the point of total inhibition. Theoretical as well as practical considera-
tions discussed in a previous communication cast doubt on any method in which
only end-points are compared (5). This method of comparison may be entirely
misleading. For example, it might be found experimentally that two different
fungicides are completely inhibitory when diluted to, say, 1:1,000 and thus
would appear to be equally effective. If, however, a method is used which permits
comparison at a concentration of 1:100 it may be discovered that fungicide A
is quite superior to fungicide B. In other words, fungicides have characteristic
inhibition curves. These are obtained by plotting concentration against degree
of inhibition. In accordance with this concept the plant pathologists have de-
veloped a standard technic for comparing fungicides at the level of 50 per cent
TABLE II
The comparative fun gistatic activity of pooled hair fat from pre-pubertal and
post-pubertal hair
LTURCU E MINIMUM PUNGISTATIC CONCENTRATIONAGE GROUP: 410
MINIMUM PUNGISTATIC CONCENTRATION
AGE GROUP: 15—25
M. audouini (1
M. audouini 2
M. audouini t3
M. canis 1
M. canis 2
1:100
1:100
1:50
1:25
1:25
1:100
1:200
1:100
1:25
1:50
inhibition since this point (L.D. 50) can be more reliably determined than the
point of complete inhibition. Similarly, the L.D. 50 value is employed in many
types of biologic studies in which various substances are being compared.
The technic used to overcome these difficulties is a modification of the filter
paper-disc method which is widely used in the testing of antibiotics (7). With
this technic, the test organism is suspended in warm agar, and 4 ml. of the sus-
pension is pipetted out over 20 ml. of agar medium which has previously been
allowed to harden in a petri dish. A thin layer of fungus-bearing agar thus lies
over the surface of the plate. The fungicide to be evaluated is dissolved in a
suitable solvent, such as acetone, a ifiter paper disc is dipped into the solution,
and this is then immediately dropped onto the surface of the plate. Four discs,
containing four different concentrations of fungicide, are placed on a single plate.
The zone of inhibition produced by each concentration is then recorded. The
method permits fairly reproducible results, but the figures cannot be regarded
as having an absolute value. Of greater reliability is the inhibition curve which
is obtained by plotting the zones of inhibition against concentration. This curve
is fairly characteristic for a given material.
When Microsporum audouini is used as a test organism the preparation of the
inoculum requires special procedures because of the failure of this organism to
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produce spores in abundance. The fungus suspension is prepared as follows: A
mycelial growth is first produced by inoculating a 250 ml. flask containing 50 ml.
of a suitable liquid medium. The medium used by us contains 6% honey and 1%
neopeptone in water. After one month of growth the mycelium is minced for 5
minutes in a Waring blender in 200 ml. of sterile water. The resultant suspension
is allowed to settle for a few minutes and the turbid supernatant is then drawn
off. This is then centrifuged in a graduated tube and finally made up to a concen-
tration of 1:50 by volume. A 0.5 ml. aliquot of this graduated suspension is then
pipetted into 20 ml. of Sabouraud's agar at 50°C., the suspension quickly dis-
persed by shaking, and 4 ml. quantities pipetted out over the surface of the base
TABLE III
Inhibitory activity of hair fat of various age groups against Micros porum audouini
Zones of inhibition in millimeters
GROWTRPS1IOD
Pre-pubertal
Age 4—7
Age 7—10
Pubertal
Age 11—13
Post-pubertal
Age 15—25
Age 26—35
MtCROSPORtThL AVDOUINI 41
1:10 1:50 1:100 1:200
25 0 0 0
18 0 0 0
27 22 20 15
19 0 0 0
18 0 0 0
MICROSPORVM tDouiwi 42
1:10 1:50 1:100 1:200
25 16 0 0
19 0 0 0
25 18 16 0
20 0 0 0
18 0 0 0
MICROSPORUM AUDOUINI 43
1:10
29
20
25
20
17
1:50
25
18
20
16
15
1:100
19
16
18
0
0
1:200
17
0
15
0
0
Summary Pubertal hair fat
more fungistatic
when compared at
1:200 but not when
compared to age
group 4—7 at 1:10.
Pubertal hair fat
more fungistatic
when compared at
1:100 but not when
compared to age
4—7 group at 1:10.
Age group 4-7 slightly
more fungistatic
but probably not
significant.
medium in petri dishes. Paper discs impregnated with the ether solution of hair
fat are then dropped onto the surface.
The fungistatic activity of the crude fat from each age group was evaluated by
this paper disc method. The results are presented in Table III. The data may be
summarized as follows. In no instance was post-pubertal sebum more fungistatic
than pre-pubertal hair fat. With two of the three strains of Microsporum au-
douini the fungistatic effect of the pubertal group was apparent at greater dilu-
tions than was the case with the comparative groups; yet when the inhibitory
effects were compared at a dilution of 1:10, the apparent superiority of pubertal
sebum was no longer manifest. This finding would have been obscured if minimal
fungistatic concentrations had been used as bases of comparison. With two of the
three strains of Microsporum audouini the pubertal sebum could be diluted
further with retention of the fungistatic effect. This was not apparent with the
third strain tested. The findings suggest that different strains show variations
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in their susceptibility to the fatty acids. This lends support to the view that
more than one strain should be employed.
It is to be noted that the entire range of inhibition extends only between the
concentrations, 1:10 and 1:200, a spread which may not be great enough to per-
mit a strict interpretation due to inherent limitations in the method. It seems
wise, therefore, to conclude from this experiment oniy that post-pubertal sebum
does not appear to have superior fungistatic powers. When Microsporum canis is
used as the test organism post-pubertal sebum likewise does not appear to be
more fungistatic (Table IV).
Another approach was explored in attempting to ascertain the role of the fatty
acids in conferring immunity on the adult scalp. In 1896 Roberts (8) showed
TABLE IV
inhibitory activity of hair fat of various age groups against Micros porum canis
Zones of inhibition in millimeters
MICROSPORUM CAIIIS 1 MICROSPORUM CAMIS * 2
GROWTH PERIOD _______ _______ _______ _______ _______ _______ _______
Pre-pubertal
Age 4-7
Age 7—10
Pubertal
Age 11—13
Post-pubertal
Age 15—25
Age 26—35
Summary
1:10 1:50 1:100 1:200 1:10 1:50 1:100 1:20t)
25
17
0
0
0
0
0
0
27
18
16
0
0
0
0
0
14 0 0 0 20 14 0 0
15
15
0
0
0
0
0
0
18
19
0
15
0
0
0
0
Age group 4—7 somewhat more Age group 4—7 somewhat more
fungistatic at 1:10. fungistatic at 1:10.
that human hair would support the growth of various species of Trichophyton
in vitro. Prior to the work of Rothman and his group, Williams (9) grew various
species of dermatophytes on hair in vitro. He extracted human hair with ether
and compared the growth obtained on this material to that on unextracted hair.
It was observed that growth of a species such as Microsporum audouini occurred
on both unextracted and extracted hair, but the author considered growth to be
more pronounced on the extracted hair. He drew no conclusion from this except
to remark that ether-extracted pre-pubertal hair was a good medium for the
growth of various fungi. We attempted to elaborate on Williams' observations
as follows:
Individual samples of hair were collected by the barber from 55 males, ranging
in age from 2 to 56 years. Each sample was divided into two parts, one of which
was left untreated and the other extracted with ether. Small portions of each
type of hair were then placed separately into the bottoms of test tubes, each con-
taining 2 ml. of water. Part of the hair was submerged and part projected above
the surface of the water. The tubes were then autoclaved. The same five strains
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of fungi studied previously (three of Microsporum audouini and two of Micro-
sporum canis) were used in this experiment. The inoculum was prepared in a
Waring blender in the same manner as described, and 0.5 ml. of the suspension
was pipetted into each hair-containing tube. In this way nutrient substances
other than those liberated by killing some of the fungous cells were prevented
from being carried over into the tubes with the inoculum. There were ten tubes
for each hair sample. Five of the tubes contained ether-extracted hair each of
which was inoculated with each of the above five strains. The same was done for
the five tubes containing unextracted hair. This made a total of 550 tubes for the
55 individuals in the series. Observations were recorded at the end of one month
and again at the end of two months. With Microsporum canis evidence of growth
was easily observed as early as one week. The slower growing Microsporum
audouini usually showed growth within 2—3 weeks. In all instances the mycelium
was seen to be growing upon the hair protruding above the water level. The
growth appeared as a fine, cottony mass, entwining the hairs and extending out
onto the wet walls of the test tube. In no instance was there a failure of growth
in any tube. In most cases a mycelial pellicle formed on the surface of the water
as well. There was some evidence of growth even in the control tubes containing
only water without hair, although this growth was restricted and pellicles were
not formed. The data may be summarized as follows: Growth was equally abun-
dant on pre-pubertal and post-pubertal hair with all five strains. Moreover, with
the three strains of Microsporum audouini it was not possible to observe an
increased growth on extracted hair. With one of the strains of Microsporum canis
extraction of the fat seemed to enhance the growth, but this was not striking.
With the other strain of Microsporum canis no difference could be noted.
In general, no growth differences were observable between treated and un-
treated hair at any age. The hair of younger children was not a superior medium
for the test fungi. It should be pointed out that an in vitro study of this sort does
not parallel in vivo conditions. Microscopic examination of the hairs on which
growth took place failed to show the development of the ectothrix spores charac-
teristic of naturally infected hairs. Evidence of invasion of the cortex of the hair
was not obtained. The fungus did not present the microscopic appearance seen
in clinical ringworm infection.
There was no evidence of fluorescence in the artificially inoculated hair. No micro-. or
macroconidia, such as are readily seen in ordinary cultures of Microsporum canis, were
observed, although Sulzberger (10) remarks that he observed macroconidia formation on
hairs artificially inoculated in vitro with Microsporum audouini.
An attempt was made to overcome some of these difficulties by growing the fungus on the
intra-follicular portion of the hair, that is, the hair root, rather than on the hair shaft.
Under natural conditions the actively growing portion of the fungus is in the hair root just
above the papilla. Occipital hairs were individually epilated from both children and adults
in such a way as to include the bulb of the hair. Usually a portion of the root sheath came
out along with the hair. Such hairs were then placed on a glass slide in a petri dish in close
contact with a few naturally infected hairs. Several drops of water were added. The normal
hairs were placed on the slide without further treatment immediately after epilation.
Germination of the spores present on the infected hairs occurred rapidly, and the hyphae
subsequently extended out to entwine the normal hairs. This occurred just as readily with
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adult hair as with children's hair. Again there was no good evidence that the normal hairs
were invaded. Growth was not as abundant as that seen on the hair shafts in the previous
experiment. It was not possible to demonstrate fluorescence or the presence of ectothrix
spores. Evidently Microsporum audouini requires living hairs in order to produce spores
and fluorescence. Nonetheless, it seemed evident that the sebum present on freshly epilated
hairs, whether adult or pre-pubertal in origin, did not prevent the physical growth of the
fungus upon them.
It is relevant to point out that the fungistatic studies that have been done with
the fatty acids by those interested in this problem have been conducted in the
absence of blood or protein in the medium. It is well known that many fungicides
are partly or even completely inactivated in the presence of organic matter. In
fact, it has been previously shown by us (11) that the fungistatic potency of the
fatty acids is markedly reduced in the presence of blood. Moreover under nor-
mal circumstances the scalp contains other substances, such as sweat and cellular
debris, which may interfere with the fungistatic activity of the fatty acids. It is
clear that the laboratory conditions for evaluating the effect of the fatty acids in
no way correspond to normal circumstances.
Pre-pubertal scalp infections with Trichophyton violaceum, T. Schoenleini,
and often T. tonsurans, show little tendency toward spontaneous cure after the
onset of puberty. Such infections persist indefinitely. If post-pubertal sebum is
sufficiently fungistatic to cause involution of M. audouini ringworm, its failure
to do so in Trichophyton infections might be due to a marked resistance of these
latter species to the fungistatic action of the fatty acids. Accordingly, the in
vitro sensitivity of a group of dermatophytes to caprylic acid was determined
by the filter paper disc method. Pre-pubertal sebum is fungistatic for
M. audouini, according to Rothman's figures, even when diluted 20 to 40 times.
Under natural conditions of infection, however, the fungus must invade the
follicular orifice where the sebum is relatively undiluted. Consequently, the
method of assay employed should permit comparisons within the fungistatic
range and not merely at the end points of inhibition (minimal fungistatic con-
centrations). The filter paper disc method is advantageous for this purpose.
The results are shown in Table V. At concentrations of 1:1,000 to 1:5,000 of
caprylic acid, which are well within the fungistatic range, M. audouini does not
appear to be more sensitive than species of Trichophyton. However, M. audouini
continues to show some degree of inhibition at dilutions which are no longer
inhibitory for Trichophyton species. In our estimation, the comparisons made
at 1:1,000 and 1:5,000 are more significant since clinically these fungi must
resist more or less concentrated sebum in order to establish parasitism of the
hair. We reiterate, however, that all in vitro methods have serious limitations
and the problem cannot be resolved decisively in this fashion.
Actually, even if post-pubertal sebum should be demonstrated to be more
fungistatic, its supposed curative effect is not a result of its penetration into
the infected hair. Rothman and his colleagues point out, and we are in agreement,
that the fatty acids do not kill the fungus within the hair because of lack of
penetration. The hair must fall out first. Then Rothman argues, the more fungi-
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static post-pubertal sebum prevents reinfection by sterilizing the pathway of
infection, the fofficle. The spontaneous cure of puberty is a slow process often
lasting years. It is clear that any interpretation of a phenomenon of this duration
must take into account the possibility of a spontaneous involution which is not
related to sebum changes.
When an infected hair falls out before or after puberty as a result of natural
shedding, it is quite possible that the incoming hair may resist infection irre-
spective of the fungistatic substances within sebum. Following X-ray epilation,
for instance, reinfection is uncommon whether or not fungicides are used in the
post irradiation period. The hairs on any given scalp are not uniformly suscepti-
ble to infection. It is unusual to find more than half of the scalp involved in
tinea capitis. If the spontaneous cure brought about by post-pubertal sebum
really requires that the hair be naturally shed first, the incoming hair may possi-
bly resist infection in the same way that all the uninvolved hairs on the scalp
TABLE V
Inhibitory activity of caprylic acid against various dermatophytes
Zones of inhibition in millimeters
SPEcIES
CONcENT2ATIONS
1:1,000 1:5,000 1:10,000 1:20,000 1:40,000 1:80,000
T. mentagraphytes
T. tonsurans
T. schoenleini
T. violaceum
M. audouini 1
M. audouini 2
M. canis
28
26
27
26
28
29
24
24
25
23
22
25
23
21
18
19
18
17
19
19
17
0
0
13
0
18
16
13
0
0
0
0
15
15
0
0
0
0
0
0
0
0
with tinea capitis continue to remain free of disease. This is an unexplained
phenomenon but quite possibly has little to do with fungistatic substances in
sebum. Since even pre-pubertal sebum is fungistatic it is remarkable that infec-
tion occurs at all unless there are great individual differences in the fungistatic
power of sebum.
DISCUSSION
Livingood and Pillsbury (12) report that some Microsporum audouini infec-
tions of the scalp heal spontaneously before puberty without benefit of treatment.
Moreover, in a study presently being conducted at the University Hospital Clinic
it has become apparent to us that a certain number of children may be cured by
the use of a control base which does not contain any fungicide at all. Can it not
be suggested that there are possibly other as yet undisclosed mechanisms which
bring about spontaneous cure of ringworm infection at puberty and confer
protection on the adult scalp?
Actually, the immunity of the adult scalp to ringworm infection is only a sta-
tistical observation. Such infections do uncommonly occur (13). The rarity of
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adult infection does not necessarily imply that there is an intrinsic resistance or
immunity. The uncommonness of the disease in adults may be perhaps a matter
of epidemiology related to the fact that the spores are not encountered under
circumstances favorable for infection. One may likewise observe statistically
that in the age group immediately preceding puberty, that is, in the age group
10—11, there is a decided decrease in the incidence of infection. This occurs even
before the pubertal changes in the sebum become manifest. In a series of 99
patients reported by Felsher (14) only 7 per cent of the individuals fell within the
ages of 10—11. In Livingood's et al. (15) series of 380 patients below the age of
14 the percentage of patients in the age group of 10—11 was also reported as 7
per cent. This is certainly in accord with our own observations. In our series
there are even fewer individuals in the immediate pre-pubertal ages. Should this
be interpreted as meaning that even before puberty an increased resistance to
infection has become manifest? Although this may subsequently be found to be
the case, it is clear that a recitation of the statistics cannot establish the point.
Actually little is known concerning the epidemiology of the disease although there
is much circumstantial clinical data which has not been experimentally confirmed.
It is appropriate to point out that there are probably many factors which
exercise an influence both on resistance to infection and on the spontaneous cure
of such an infection after it is established. Although these influences are largely
obscure at present, certain definite forces have become recognized. For instance,
the development of an inflammatory response in the scalp is one of the mecha-
nisms by which cure of both Microsporum audouini and Microsporum canis infec-
tion is spontaneously brought about (16). Such inflammation is generally asso-
ciated with cutaneous sensitivity to trichophytin so that it is usually inferred
that the development of allergy is in some way related to the spontaneous cure
which occurs. It is indeed possible that there are additional mechanisms of a
more subtle nature which account for the immunity of the adult scalp.
It may be pertinent to record briefly here some of the results with human
experimental infections which we are now studying. Although the data is purely
in a preliminary state, it already seems evident that the so-called immunity of
the adult scalp is by no means complete. When naturally infected hairs are used
as a source of infection and the inoculation is made by rubbing the infected hairs
into a previously scarified area, one can readily secure infection in many adult
scalps with Microsporum canis. These adult infections, by and large, frequently
run a course more or less similar to experimental infections in children. With
Microsporum audouini, infection is not as readily established in the adult but
can be produced to some degree in many cases. Our observations with experi-
mental M. audouini infection, especially in children, are not yet extensive enough
to report in more than a tentative way here. Our preliminary findings indicate
that there is a marked variation in the susceptibility of children's scalps to
experimental M. audouini infections. In fact, clinical observations suggest that
even in the same scalp there are local areas in which susceptibility varies. For
instance, what explanation is there for the fact that a child may have a single,
small patch of infection for months without spread to other portions of the scalp?
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Local resistance of this type is certainly not due to a lack of exposure to infective
spores. Some children are clearly not susceptible to experimental infection.
Several challenging problems have emerged from the study so far. Microsporum
canis infection of the adult scalp is very uncommon and even in children this
disease is not ordinarily of an epidemic sort. Yet such infections are easily estab-
lished experimentally. Moreover, the adult scalp tends to deal with such an in-
fection in much the same way as does the child's scalp, spontaneous cure gen-
erally occurring after a variable period of time. Again, epidemiological studies
may supply some of the answers. It is our present impression that the rarity of
M. canis infection in the adult is not due to any intrinsically real resistance of the
scalp to infection. This matter will be more fully presented in a later publication.
As a matter of speculation one might propose other hypotheses than those
already given to account for the rarity of Microsporum infections of the adult
scalp. Perhaps circumstances within the hair shaft rather than outside of it limit
the likelihood of infection of the adult scalp. Reasoning along these lines one
might postulate either that there are inhibitory substances within the hair shaft
of the adult which are not sufficiently present in pre-pubertal hair, or, conversely,
that adult hair is critically deficient in some nutrient substance essential for
growth which is present in adequate amounts in pre-pubertal hair. In some sug-
gestive but incomplete studies Kingery (17) presented some evidence for the
presence of a water soluble inhibitory substance within the hair shaft of the
adult. He prepared water extracts of adult and pre-pubertal hair and added
various proportions to a synthetic medium which was then inoculated with
Microsporum audouini, M. canis, and M. fulvum. M. canis failed to grow when
5-45 milligrams of the water extract concentrate was added to 10 ml. of medium,
but growth occurred when the same amount of pre-pubertal concentrate was
added. Kingery suggested that this might be due to the presence of some in-
hibitor in the adult concentrate. This was, however, not shown since there was
also no growth in the control solution which did not contain any concentrate.
The experiment actually suggests that some nutrient substance present in chil-
dren's hair had been added to a nutrient deficient medium which was then cor-
rected in terms of its deficiency and hence permitted growth. The same findings
were obtained with Microsporum audouini. Studies are presently being pursued
which are aimed at detecting possible growth stimulating substances in the ether
and the water extractable fractions of hair. It is our feeling that neither Roth-
man's nor Kingery's hypothesis, though rational and attractive, will be found
adequate to explain the difference between children's and adults' scalps in the
incidence of Microsporum ringworm infection.
Rothnian and his co-workers state in the summary to their paper, "With onset
of puberty the sebaceous glands of the scalp start to secrete a sebum which con-
tains, in higher concentration than before, low boiling saturated fatty acids with
selective fungistatic and fungicidal action on M. audouini." It should be pointed
out that this statement is based upon inference, since direct chemical analysis of
the fatty acid content of children's sebum was not carried out.
Our own findings indicate that, in accordance with clinical observations, there
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is a marked increase in the secretion of sebum at puberty. We agree that this
sebum contains fungistatic substances, although we have been unable to show
that its fungistatic potency is decisively greater than that of pre-pubertal sebum.
Nonetheless, the fact that there is a much greater amount of this sebum after
puberty may yet indicate that, quantitatively at least, the fatty acids play some
role in the rarity of adult ringworm infection.
SUMMARY
When the minimal fungistatic concentration of pre- and post-pubertal sebum
was determined against three strains of M. audouini and two strains of M. canis,
it was not demonstrated that post-pubertal sebum possessed decisively superior
fungistatic activity.
The inhibition curves of sebum extracted from the hair of individuals in various
age groups was determined. Adult sebum was not more fungistatic than chil-
dren's hair fat by this method.
The in vitro growth of M. audouini and M. canis on adult hair was found to be
similar to that on children's hair. Prior extraction of the sebum with ether did
not enhance the in vitro growth.
Experimental infections of the adult scalp with M. audouini and M. canis have
been produced. The "immunity" of the adult scalp was not found to be complete.
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DISCUSSION
DR. STEPHEN Rormwr: I appreciate Dr. KligmRn's courtesy in notifying me
far in advance that he was not able to confirm some of our experimental results.
His experiments demonstrating that it is possible to culture M. audouini on
adult hair do not invalidate our claims that the adult hair is covered with a fatty
acid layer which is sufficiently fungistatic to hinder the penetration of the fungus
into the hair. In such an experiment the fungus simply grows outward into the
medium without being compelled to penetrate the fatty layer of the hair.
Dr. Kligman indicated that it is possible to infect adult scalp hair in vivo
with M. audouini but he did not give any details, for instance, how often such
inoculation was successful, and if it was, whether the infection spread as does the
natural disease in children, and whether he could demonstrate the small-spore
form of the fungus in the hair. Of course, we all know that exceptionally adult
individuals do acquire the scalp infection, and, therefore, it is true that the im-
munity of the scalp of adults is a matter of statistics, but obviously the statistical
difference is highly significant. In the Chicago epidemic, the number of infected
children was estimated to be 40,000; I know of only four adults who acquired
the scalp infection.
However, there are two serious and disconcerting discrepancies in the experi-
mental results of Dr. Kligman and our laboratory. They concern 1. the differ-
ence in fungistatic action of hair fat of children and adults, and 2. the relative
sensitivity of M. audouini to fatty acids.
Concerning the first point I agree with Dr. Kligman that this discrepancy is
probably due to defects in all methods used at present to measure fungistatic
activity. We shall have to improve our methods to clarify this issue. There is
also the possibility that in our work or, even more, in Dr. Kligman's the number
of samples of hair fat was not large enough to be truly representative and that
with larger series the differences might be reconciled. It is interesting to note that
although Dr. Kligman does not find a difference in the fungistatic activity of
adult and children's hair fat, he does find considerably higher fungistatic activity
in his adolescent hair fat sample. We worked up three pooled samples of adult
hair and three samples of children's hair. The three pairs of experiments showed
pronounced differences each time in the same direction.
Should more extensive studies show that the qualitative changes in sebum at
puberty are not as consistent as the quantitative changes (namely, the marked
increase in secretion), still our theory regarding the spontaneous cure of tinea
capitis at puberty would not have to be essentially modified. Simply substituting
the word "amount" of fungistatic fatty acids for the word "concentration"
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would suffice. It is obvious that with a five-fold increase in the amount of sebum
secreted at puberty, there is an increase in the total amount of the constituent
active fatty acids on the hair. When the amount of these acids increases above
the critical level, the infection is suppressed.
The finding that M. audouini is not more sensitive to fatty acids than other
dermatophytes is at variance with all other findings I know of. Dr. Kligman
himself finds one out of three strains highly sensitive. F. Reiss and B. Lustig in a
large series of experiments find M. audouini most sensitive (Dermatologica
97:312,1948). Thus it is improbable that we picked a particularly sensitive
laboratory strain by accident. Dr. E. L. Laden, in our department, carried out
hundreds of experiments testing the fungistatic action of straight-chain saturated
fatty acids from 07 to 013. In all experiments M. audouini was at least ten
times more sensitive than T. gypseum, T. purpureum, A schoenleini and M.
lanosum.
Our method of mixing the fatty material in ether with the melted agar medium
does not warrant equal distribution as long as one has to add more than 1%
fat. But in experiments with pure fatty acids in the concentration range of from
1:10,000 to 1:1,000,000 the results are consistent, and the method certainly
served us well in establishing the chemical nature of the fungistatic principle in
hair fat.
Dx. MAURICE SULLIVAN: We will have to find an explanation other than the
epidemiologic one, because I am certain that that is too simple an explanation
for the discrepancy which exists, if you think of the various situations of exposure
in older children; and the same exists in younger children.
Dx. FREDERICK REISS: There is very little doubt that M. audouini is more
sensitive to fatty acids than the rest of the fungi mentioned by the essayist. I
do not think the solution is as simple as presented, in demonstrating the in vitro
effect of various fatty acids on M. audouini. We also conducted similar experi-
ments as the presenter and we can confirm the results. Moreover, we have added
extracts of adults' hair to the hair of children and have obtained growth. The
conclusion reached on the basis of laboratory data I am afraid are inconclusive
concerning what happens in vivo. The fact that we are able to grow fungi on hair
is not duplicating the pathology in humans. First of all, we must realize that it is
not the hair which is first involved, but the scalp. It would be necessary to dupli-
cate these experiments presented in vitro on the scalp of adults, wherefrom some
evidence could be reached of the protection afforded by the adult's scalp. We
should also bear in mind that there may be other changes which we do not know
yet. It may be possible that the amino-acid composition of the keratin is changed,
which may resist the infection of M. audouini.
DR. EDWARD DELAMATER: I wish to compliment Dr. Kligman on his presenta-
tion. I would like to point out that most of us recognize that we are laboring in
ignorance not only on these particular problems that have been presented and
discussed, although obviously there is disagreement, but another phase which
affects it. Very little information is available to us as to the metabolism of the
ringworm fungi. The work of Lucille Georg is most cogent in terms of specific
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requirements, but until something is known of the specific metabolism of these
organisms we cannot approach with any measure of sureness the solution to the
problems Dr. Rothnian and Dr. Kligman are trying to resolve.
DR. ALBERT M. KLIGMAN (Closing discussion): The discrepancy between our
results and those of Dr. Rothman and his group probably represents an experi-
mental error deriving from the crudeness of the methods for evaluating fungi-
static activity which all of us have been forced to employ. Although the hair
used in our study was collected under more controlled conditions, nonetheless,
neither of us can be absolutely certain of the 'purity' of the hair samples.
I should like to point out that the in vitro conditions for evaluating the fungi-
static activity of sebum hardly correspond to those existing on the scalp. In this
latter situation there are other substances present such as sweat, epidermal
debris, etc. and it is quite possible that some of these may partially inactivate
the fatty acids.
The happy part of a controversy of this sort lies in the fact that others will
possibly be stimulated to investigate this question independently.
It is our impression, Dr. Reiss, that this matter cannot be settled satisfactorily
by in vitro methods alone. The crucial issue in our minds is whether the adult
scalp can be experimentally inoculated with the development of a persistent
infection. The fact that we have already done this with M. canis brings up many
challenging questions concerning the epidemiology of this disease. Moreover we
have frequently seen children who presented a single patch of ringworm for
months which showed no tendency to spread to other areas of the scalp. Does this
mean that there are local areas of immunity? Obviously we know little about
this question.
We are at present studying the nutritional requirements of M. canis and M.
audouini.
